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平均含量分别为 0.32 μmol/L，0.86 μmol/L、0.53 μmol/L 和 1.74 μmol/L。DIP、
DOP 和 PP 分别占 TP 的（23％±4％），（31％±16％）和（46％±23％）。DIP
和 PP 可互相转化，且 PP 可转化为 DOP。 
（2）水体 DIP 在真光层（水深﹤10 m）主要受陆源输入影响，真光层以下
（水深﹥10 m）来源于生物地球化学过程；其浓度随深度增加逐渐升高。DOP
主要受琼州海峡过道水和越南沿岸水团及输入的有机质影响；在 0～30 m 层垂直
分布均匀，30 m 以下随深度增加而增加。PP 主要受琼州海峡过道水输入的颗粒
物影响；其含量随深度增加而降低。TP 主要受陆源输入影响；其浓度随深度增
加逐渐升高，但变化趋势较缓。 
（3）水体 DIN/DIP 的比值范围为 0.00～12.57，平均为 1.62±2.10，50%以上
站位的 DIN/DIP 小于 1，远低于 Redfield 比率，表明海区浮游植物生长受氮限制。 
（4）沉积物的总磷（TPS）含量平均为 377.91 μg/g，无机磷（IPS）含量平
均为 256.91 μg/g，占 TPS的 66.97%±7.70%。弱吸附态磷（Ads-P），铁结合态磷
（Fe-P）、沉积物的有机磷（OPs）、自生磷灰石及钙结合态磷（Ca-P）、碎屑态
的磷（De-P）和硅酸盐态磷（SIF-P）的平均含量分别为 5.39 μg/g，79.82 μg/g、
64. 28 μg/g、47.87 μg/g、123.83 μg/g 和 56.36 μg/g，显然 De-P＞Fe-P＞OPs＞Ca-P
＞SIF-P＞Ads-P。 
（5）TPS主要受海洋内部的生物效应及沉积物粒度效应控制，非陆源。Ads-P
主要受温度、盐度和 GSL 的影响，源于水生颗粒。Fe-P，OPS和 SIF-P 与底层海
水盐度呈明显负相关，三者均主要受陆源输入控制。Ca-P 与 DIP 呈明显负相关，
是底层水体 DIP 的“汇”；Ca-P 和 De-P 与底层海水盐度呈显著正相关，两者具
有明显的海相沉积特点。 
（6）海区潜在生物可利用的“活性磷”——Ads-P，OPS 和 Fe-P 占 TPS 含
量的 39.90%±8.07%；不参与磷生物化学循环的“惰性磷”——SIF-P，Ca-P 和



































Based on the environmental investigation during July ～ August, 2006 in 
Tonkin Gulf, the speciation of phosphorus in the waters and in the surface sediment 
were determinated. By analyzing the distribution of different speciation of phosphorus 
and relationship between environmental factors and different speciation of 
phosphorus in the waters and in the surface sediment, the source of phosphorus, and 
its source, transportation and transformation were explored. The results can be 
summarized as follows: 
（ 1 ） The average concentrations of dissolved inorganic phosphorus 
(DIP),dissolved organic phosphorus (DOP)、particle phosphorus (PP) and the total 
phosphorus (TP) respectively were 0.32 μmol/L、0.86 μmol/L、0.53 μmol/L and 1.74 
μmol/L in the sea water. DIP,DOP and PP accounts for (23％±4％）,（31％±16％）
and（46％±23％）of TP. DIP and the PP can be transformed into each other, and the 
PP can be transformed into DOP. 
（2）DIP was mainly influenced by terrestrial inputs in the euphotic zone (above 
10 meters).But below the euphotic zone (below 10 meters) DIP were mainly produced 
in the biogeochemical process; the concentrations of DIP were gradually increased 
with depth. The contents of DOP were affected by the input of external waters, 
especially the organic matter from Vietnamese coastal water mission and Qiongzhou 
Strait aisle water. The contents of DOP had small vertical gradient in the 0～30 
meters layer, and the vertical distribution was uniform. The contents of DOP 
increased with depth below 30meters. The concentrations of PP were apparently 
influenced by the inputs of particulate from Qiongzhou Strait aisle. The contents of PP 
were decreased with depth. The concentrates of TP was influenced by the terrestrial 
inputs. The contents of TP showed a slight increase with depth increasing.  
（3）The ratio range of DIN to DIP varied from 0 to 12.57, with (1.62±2.10) as 
the mean value. The ratio of DIN to DIP of more than 50 percent of the stations less 
than 1.Moreover, it was far lower than the Redfield ratio. The restrictive nutrient was 
DIN in Tonkin Gulf.  
（ 4） The average concentration of TPS was 377.91 μg/g, and average 
concentration of inorganic phosphorus(IPS) was 256.91 μg/g, its accounts for 















phosphorus (Ads-P), Iron-bound inorganic phosphorus(Fe-P) 、 Organic 
phosphorus(OPs)、Authigenic CaCO3-bound inorganic phosphorus(Ca-P)、Detrital 
apatite phosphorus(De-P) and Portland phosphorus(SIF-P)  separately were 5.39 
μg/g，79.82 μg/g、64. 28 μg/g、47.87 μg/g、123.83 μg/g and 56.36 μg/g,Obviously, 
De-P＞Fe-P＞OPs＞Ca-P＞SIF-P＞Ads-P. 
（5）The contents of TPS were mainly controlled by ocean internal “biological 
effect s” and “Grain effects” of sediment, which was weakly influenced by terrestrial 
inputs. Temperature (tm), salinity(S) and sediment particle grain (GSL) were the 
important affecting factors of Ads-P, which mainly come from aquatic particles. 
Correlative analysis between environmental factors and different speciation of 
phosphorus in bottom sea water show that salinity has negative correlated with Fe-P, 
OPS and SIF-P, which suggested Fe-P, OPS and SIF-P were mainly controlled 
terrestrial inputs. Ca-P and DIP was negatively correlated, and Ca-P was the sink of 
DIP in the bottom waters. Ca-P and De-P were positively correlated with bottom 
water salinity, which suggested Ca-P and De-P had obvious characteristics of ocean 
sediment. 
（6） The “active phosphorus” of the potential “bio-available phosphorus” －
Ads-P,OPS and Fe-P accounts for 39.90%±8.07% of TPS in Tonkin Gulf; The “inert 
phosphorus” of not participating in the biochemical cycle－ SIF-P,Ca-P and De-P 
accounts for 60.09%±8.07% of TPS in Tonkin Gulf。 
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地球化学过程的重要因子（Fox,1993;Conley et al.,1995;Pratska et al.,1998）。而沉
积物中的磷借助生物扰动，有机物降解、扩散、解吸和淋滤作用，可以从沉积物
中溶出，进入水体，参与海洋磷循环。就整个世界大洋而言，海底沉积物输入上
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图 1.1 水体中磷的分类 
 
1.1.1.1 溶解态无机磷（DIP）的测定方法 




的 浓 度 。 科 学 家 们 对 该 方 法 进 行 了 不 断 改 进
（Dick&Tabatabai,1977;Broberg&Petterson,1988;Lee et al.,1992）。 
1.1.1.2 总磷（TP）、溶解态总磷（DTP）及溶解态有机磷（DOP）测定方法 
总磷（TP ）包括水体中的溶解态总磷（DTP）和总颗粒磷（PP）；DTP 是
指能通过 0.45 µm 滤膜的溶解态磷，包括无机磷（DIP）和溶解态有机磷（DOP）。
DTP 和 TP 的浓度通常采用高温氧化或加氧化剂氧化的方法测定。利用氧化的方
法，将样品中所有形态的磷都转化为无机态的形式，然后用磷钼蓝法进行测定。
DTP 与 DIP 浓度的差值即为 DOP 的浓度。测定 TP 及 DTP 早使用的氧化剂是
过氯酸消化氧化法（Hansen Robinson,1953;Striekland&Parsons,1972）。这种方法
因为操作难度大和危险性高，很快被科学家们所放弃。目前，被广泛采用的测定
TP 及 DTP 的方法主要有过硫酸氧化法、UV 氧化法和两种方法结合使用。过硫
酸氧化法 早由 Menzel 和 Corwin（1965）提出，后来被 Koroleff（1999）改进；





化成无机磷的形式，用磷钼蓝法测定总磷（TP）的浓度，TP 与 DTP 浓度的差值
TP 
DTP PP 


















的方法将所有颗粒态有机磷转变成 PIP 的形式，再用 PIP 的测定方法测定 TPP
的浓度，TPP 与 PIP 浓度之差即为颗粒态有机磷（POP）的浓度。这种方法的测









广泛的研究，自 20 世纪 70 年代以来，沉积物 P 的地球化学形态研究成为世界许
多富营养化海洋湖泊治理过程中必须进行调查项目（朱广伟,2003）；而对海洋
沉积物中磷的形态研究相对较少（Penn 和 Aue,1997）。 
沉积物中 P 的形态多种多样，包括不稳定或弱吸附态的 P，水合铁氧化物结
合 P、Ca 结合 P 和有机 P 等。Ca 结合 P 按其性质和来源又包括火成岩和变质岩
来源的碎屑氟磷灰石，生源骨骼碎屑、CaCO3-P 和间隙水沉淀形成的氟磷灰石等。
为了解沉积物中 P 的埋藏和成岩作用，必须识别，分离和定量不同沉积相 P。分
离和定量海洋沉积物中各种 P 结合相 理想的方法是化学试剂提取法。X-射线




形 Fe 氧化物是早期成岩作用过程中 活泼的 Fe 氧化物，可能是由水体矿组成，
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